Background: Although recent reviews have suggested active smoking to be a risk factor for breast cancer, the association with passive smoke exposure remains controversial. This risk association was explored in a large prospective study of women, the California Teachers Study. Methods: Detailed lifetime information on passive smoke exposure by setting (home, work, or social) and by age of exposure was collected in 1997 from 57,523 women who were lifetime nonsmokers and had no history of breast cancer. In the ensuing decade, a total of 1,754 women were diagnosed with invasive breast cancer. Cox proportional hazards models were fit to estimate hazard ratios (HR) and 95% confidence intervals (95% CI) associated with several lifetime passive smoke exposure metrics. Results: For all breast cancer, measures of higher lifetime passive smoking intensity and duration were asso-
Introduction
It is widely acknowledged that tobacco smoke is a human carcinogen (1) . Approximately 60% of nonsmokers in the United States show biological evidence of exposure (2) . Cumulating evidence, most recently reviewed by a panel on tobacco smoke and breast cancer risk commissioned by the Ontario Tobacco Research Unit and the Public Health Agency of Canada (3), has implicated active smoking as a contributor to women's risk of breast cancer. The evidence for a relationship between passive smoking and breast cancer, however, remains more tenuous. Two of the key research recommendations from the 2009 Canadian report called for studies with comprehensive measures of lifetime exposure to tobacco smoke and measures of exposure at targeted periods of potentially increased susceptibility.
The California Teachers Study (CTS), a large ongoing prospective study of women, is particularly well suited to address those issues. An initial report on active and passive smoking risks for breast cancer in the CTS found significantly higher risks for subsequently developing breast cancer among women who were current smokers at the time they completed a baseline questionnaire (4) . No such risks were noted for passive smoke exposures, which were limited to information about household sources of exposure in that same baseline questionnaire. This study provides the foundation to explore these risk relationships in a more substantive way because we queried respondents in a second questionnaire to obtain a full characterization of passive smoke exposure across time periods, ages of exposure, and settings (home, workplace, and social) to assess temporal, situational, and lifetime measures of exposure.
Materials and Methods
Study Population. The CTS cohort was established from respondents to a 1995 mailing to all 329,000 active and retired female enrollees in the State Teachers Retirement System. The State Teachers Retirement System members include California public school employees who teach at the kindergarten through community college levels, are involved in the selection and preparation of instructional materials for these levels, or supervise persons engaged in these activities. Enrollment in the CTS with completed baseline questionnaires was 133,479. A full description of the CTS cohort is available elsewhere (5) . Indicator data on active and passive smoking as well as extensive information on breast cancer risk factors were collected on the baseline survey. Because of the high prevalence of lifetime nonsmokers in the cohort (66%), and because of the current interest in passive smoking, more detailed questions on source, setting, timing, and dose of passive smoking exposures were included in the second (Wave II) survey mailed in Fall, 1997. A total of 99,213 CTS members reported at least some information on passive smoking on the Wave II survey. The present analysis excluded women who ever smoked tobacco products (n = 33,223), were not residents of California at the time of completing their Wave II questionnaire (n = 4,398), or were diagnosed with breast cancer before completing the Wave II questionnaire (n = 4,069). The resulting study sample consisted of 57,523 women, of whom 1,754 were diagnosed with invasive breast cancer after completing their Wave II questionnaire and before December 31, 2007 .
Use of human subject data in this study was reviewed by the Human Subjects Research Committees of the Northern California Cancer Center, the City of Hope, the University of Southern California, the University of California at Irvine, and the California Health and Human Services Agency and found to be in compliance with their ethical standards as well as with the U.S. Code of Federal Regulations, Title 45, Part 46 on the Protection of Human Subjects.
Outcome Assessment. The CTS cohort is followed annually for cancer diagnosis, death, and change of address. Cancer outcomes are identified through annual linkage with the California Cancer Registry (CCR), a legally mandated statewide population-based cancer reporting system. Modeled after the National Cancer Institute's Surveillance, Epidemiology, and End Results Program, the CCR is composed of three Surveillance, Epidemiology, and End Results Program registries and maintains the highest standards for data quality and completeness. CCR ascertainment of newly diagnosed cancers is estimated to be 99% complete and includes case sharing from neighboring states (6) . Cases of invasive breast cancer for this analysis were identified through annual linkages between the CTS cohort and the CCR database. Tumor hormone responsiveness was obtained from the CCR. Mortality files, as well as reports from relatives, are used to ascertain date and cause of death. Changes of address are obtained by annual mailings, responses from participants, and from record linkages using various online data resources, including the U.S. Postal Service National Change of Address database.
Calculation of Follow-up. Person-days at risk was calculated as the time between the date each woman completed her Wave II questionnaire and the earliest of four dates: her breast cancer diagnosis date, the date of her death, the date she moved out of California for a period longer than four consecutive months, or December 31, 2007 , the end of follow-up. Women who were diagnosed with in situ breast cancer during follow-up were censored as of the date of diagnosis.
Assessing Passive Smoking Exposures in Lifetime
Nonsmokers. Lifetime nonsmokers were identified based on a question from the baseline questionnaire as those women who responded negatively to the question of whether they had ever smoked ≥100 cigarettes during their lifetime. Mailed self-administered questionnaires in 1997 were used to collect information on lifetime passive smoking exposures for three settings (household, workplace, and social) and six age periods (<20, 20-29, 30-39, 40-49, 50-59, and ≥60). For each combination of setting and age period, respondents were asked whether they were exposed to the tobacco smoke of others. Within each combination of setting and age period, passive smoke exposure among respondents who answered yes was further assessed along two separate dimensions: duration and intensity. Duration was estimated by asking for details about the number of years exposed (<1 y, 1-3 y, 4-6 y, and 7+ y) within that age period and setting. Smoke intensity was estimated by a qualitative description of the smoke intensity in that setting during that age period: a little smoky, fairly smoky, or very smoky.
To facilitate subsequent analyses, the duration and intensity responses within each combination of setting and age period were transformed to numerical values. Because "years of exposure" were reported in ranges of years rather than a specific number of years, the midpoint of any year range was used to represent that range. For example, 5 y was used to represent the range 4 to 6 y. The qualitative smoke intensity responses were assigned a value of 1, 2, or 3 (1 = a little smoky, 2 = fairly smoky, 3 = very smoky).
Because of the accumulating evidence that early life exposures may play a role in breast cancer etiology, we further characterized these exposures by the age period in which they were experienced. Within each setting, the numerical smoking data were aggregated into two broad mutually exclusive age periods: age <20 y and age ≥20 y (roughly approximating childhood/teenage versus adult exposures). The duration for each broad age period was calculated by summing the numerical years of exposure of each contained smaller age period. Likewise, the intensity for each broad age period was calculated by averaging the numerical intensity score of each contained smaller age period.
Finally, the duration and intensity for the age periods <20 and ≥20 were summed across the settings to get overall measures of duration (setting-specific years) and intensity for those two broad age periods.
Similar to Cummings et al. (7), we combined the two individual metrics that best predicted breast cancer risk (years of exposure and intensity) into a common summary metric (intensity-years) that incorporated both intensity (smokiness) and duration (years) of exposure. For each respondent, a measure of "intensity-years" was created for each combination of setting and age period by multiplying the number of years and smoke intensity values for that setting and age period. These within-setting intensity-years measures for a respondent were then summed into the same two broad age groups as above, age <20 and age ≥20, and then further summed across the settings to get overall measures of duration and intensity for those two age periods.
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Overall "lifetime" exposure estimates for duration, intensity, and intensity-years for each respondent were obtained by summing the estimates for age <20 and age ≥20 for that respondent.
Cutpoints for exposure categories (in tertiles) were based on the distribution of each cumulative exposure measure among all those with nonzero values of passive smoking exposure.
The questionnaire did not directly ask about secondhand smoke in relation to timing of first pregnancy. Women with exposures that clearly occurred before or after the pregnancy were categorized into "pre-first pregnancy" and "post-first pregnancy" exposure groups. Women with both pre-and post-first pregnancy exposures were categorized with the pre-first pregnancy group. Because exposures were reported by decades and not individual years, pinpointing whether secondhand smoke exposures clearly occurred before or after pregnancy was not possible for all respondents. In such cases, women were classified into an unknown timing of exposure category. An additional exposure category included women with no reported passive smoke exposure before or after a first fullterm pregnancy.
Personal Risk Factors. From the baseline and Wave II questionnaires, we collected information on the following personal breast cancer risk factors: age (calculated from date of birth and date of Wave II questionnaire completion); race/birthplace (white, non-white U.S. or Canadian born, non-white non-U.S. or Canadian born, and other/ unknown); family (first-degree relative) history of breast cancer (yes, no, and adopted/not provided); women's age at menarche (<12 y, 12-13 y, ≥14 y, and not provided); pregnancy history (nulliparous or parous, with four categories for age at first full-term pregnancy: <25 y, 25-29 y, ≥30 y, and unknown age); breast-feeding (nulliparous or parous, with six categories for total lifetime breast-feeding months: never breast-fed, <6 mo, 6-11 mo, ≥12 mo, pregnant with no live birth, or unknown breast-feeding history); physical activity, defined as the average number hours per week of strenuous activity over a woman's lifetime (<0.5 h per week, 0.5-2 h per week, >2 to 3.5 h per week, >3.5 to 5 h per week, >5 h per week, and not provided); current alcohol consumption, measured in grams per day (nondrinkers, consumers of <20 g/d, consumers of ≥20 g/d, and unknown/missing); body mass index (BMI) tertiles (16-25.7 , and height or weight not provided or out of range coded to missing); and menopausal status and hormone therapy combined (premenopausal, perimenopausal/ postmenopausal and no hormone therapy, perimenopausal/ postmenopausal and hormone therapy only in the past, perimenopausal/postmenopausal and current estrogen user, perimenopausal/postmenopausal and current estrogen and progestin user, all others). Menopausal status (premenopausal, perimenopausal, postmenopausal, unknown status) was derived at the time of the baseline questionnaire from responses to questions about information about menstrual periods, duration and timing of both estrogen and progestin therapy, age of respondent, and ages at reported surgeries, if relevant.
Statistical Analyses. All analyses were done using SAS 9.1 (8) or R 2.9.1 (9) . Cox proportional hazards models were used to estimate hazard rate ratios (HR) and 95% confidence intervals (95% CI) associated with measures of passive smoking exposure using age at start and end of follow-up (in days) to define time on study. No apparent violation of the underlying assumption of proportional hazards was detected. All models were stratified by age and adjusted either for race only or for race and personal risk factors of interest: family history of breast cancer, age at menarche, pregnancy history, lifetime duration of breast-feeding, physical activity, alcohol consumption, BMI, and menopausal status combined with hormone therapy use categorization. All statistical tests were twosided, and P values of <0.05 were considered statistically significant. Where appropriate, linear tests for trend across categories of exposure were done. Individual tests were not adjusted for multiple testing.
In all categorical analyses, the referent group consisted of those women never exposed to passive smoking. In analyses involving age-specific categorical exposures (i.e., age <20 or age ≥20), main effects models were fit using a separate two-level factor (not exposed in that age range versus exposed in that age range) for each of the two age ranges. Likewise for analyses involving settingspecific categorical exposures (i.e., home, work, or social settings), a main effects model with three two-level factors were used: not exposed versus exposed for the three settings. For analyses involving tertiles of years of exposure, "intensity of exposure," or "intensity-years of exposure," the tertiles for each exposure were coded as four levels of a categorical variable: "none," "low," "medium," and "high." Main effects models for age-specific tertile analysis consisted of two four-level categorical variables, one variable for each specific age group.
The dose-response analysis and the analysis assessing sensitivity to threshold were done using the survival package in R. For the dose-response analysis, only subjects who reported an overall value exceeding 4.0 intensityyears, representing at least 4 y of mild-intensity exposure, were used (or fewer years with higher intensity). Adult intensity-years were represented in the model by a linear term, but on a log scale, to symmetrize the distribution of exposures. The model was stratified by age and adjusted for race. For the sensitivity analysis, the same model was repeatedly fit while varying the exposure threshold that must be exceeded from 0 to 50 intensity-years. Above 50 intensity-years, the model fitting procedure started to fail. For purposes of displaying the dose-response curve only, the mgcv package in R was used to fit a binomial generalized additive model with logit link and a smoothing spline term for adult intensity-years. The model was adjusted for race and age, also represented as a smoothing spline. The smoothing spline was then graphed, along with its point-wise CI. The entire spline curve was shifted graphically so that the logit corresponding to the minimum exposure was 0.
Results
Similar to the entire CTS cohort, subjects in this analysis were predominantly non-Hispanic white (86%) and almost half were postmenopausal at baseline. Compared with those who did not have a breast cancer diagnosis, cases tended to be older and more frequently report a family history of breast cancer. The vast majority (76%) of tumors diagnosed among women in this analysis were hormone responsive.
The distributions of women according to their passive smoking exposure by timing and setting are presented in Table 1 . Overall, 86% of study subjects reported some passive smoking exposure during their lifetime. Most reported household exposure (71%), half reported workplace exposure, and more than one third reported exposure in a social setting (37%). Approximately two thirds of respondents reported exposure at age <20 and nearly three quarters reported exposure at age ≥20. Among those with exposures at age <20, the household was the predominant setting (58%), followed by considerably less exposure in social (20%) and workplace (17%) settings. In contrast, adult exposures (age ≥20) were most commonly reported for the workplace (47%), followed closely by household (43%) and social settings (34%).
The distributions of adult exposures in the three settings are shown in Fig. 1 . The distributions of exposures in the workplace and home, among those exposed, were virtually identical, and both were lower than the distribution of exposures in social settings. The final box plot in Fig. 1 shows the distribution of the sum of the intensityyears measures across the three settings, where the large upper tail of the "All Settings" box plot reflects exposure levels that would not be captured by examining household exposures only. Moreover, the workplace exposures seem to be at least as intense as home exposures.
Exposures by setting and age group were not mutually exclusive, although correlations were modest. The Spearman correlation coefficient (r) for the intensity-years measure, for instance, was 0.25 for overall childhood and adulthood exposures (among those exposed in both ages). For adult exposures, the Spearman r was 0.23 for home and work exposures and 0.39 for work and social settings (among those exposed in all three settings).
The point estimates for risk of breast cancer associated with any exposure (ever/never) to passive smoking reported by study participants did not substantially differ from the null in any of the age group or setting categories, and risk estimates from age-stratified and race/birthplace-adjusted models were similar to those from the models fully adjusted for personal risk factors, albeit with wider CIs (Table 2) . Although not statistically significant, the highest point estimates were observed for lifetime exposure opportunity rather than for any particular setting or age group.
Analyses evaluating the cumulative measures for each component of exposure (years and intensity) contributing to the summary measure of intensity-years and the summary measure itself generally did not show consistent and significant associations for particular settings or for overall lifetime exposures or for those age <20 years (Table 3) . Point estimates were significantly elevated for the highest exposure categories among women exposed at ages ≥20 years for years and intensity-years in the age/race-adjusted models but remained statistically significant in the fully adjusted models only for the combined summary measure, intensity-years (HR, 1.18; 95% CI, 1.00-1.40). A test for trend, however, was not statistically significant (P = 0.30).
When attention was confined to those subjects with a modest to large exposure to environmental tobacco smoke (total intensity-years >4 for all exposures), a statistically significant nonlinear dose-response curve emerged for exposure modeled on a log scale (Fig. 2) . After stratifying by age and adjusting for race, log 2 intensity-years had a marginally statistically significant linear term (HR, 1.06; 95% CI, 1.01-1.11; P = 0.02), corresponding to a 6% increase in hazard for every doubling of intensityyears. Figure 3 shows how the estimated slope of a linear dose-response curve in log 2 years changes as we vary the threshold used to confine our attention. As the lowerexposed subjects are eliminated from consideration by increasing the threshold for "modest to large" exposures, the linear part of the dose response increases as well, reaching an asymptote of ∼1.13 at a threshold of ∼20 intensityyears. Hence, for exposures exceeding 20 intensity-years, a doubling of exposure results in an ∼13% increase in hazard. At that point, fitting becomes more and more unstable as the number of subjects diminishes. To relate this result back to Fig. 2 , note that the thin vertical line in Fig. 3 , corresponding to a threshold of 4, intercepts the smoothed hazard curve at a value of ∼1.06, corresponding to the 1.06 calculated above. As expected with a dose-response curve that is concave at lower doses, restricting one's attention to dose-response curves that are linear in log 2 intensity-years biases the effect estimate for doubling large exposures downward.
Risks stratified by menopausal status are presented in Table 4 . Women who were perimenopausal at baseline were excluded from this analysis, as the number of events in this group was too small for reliable point estimates. There was no evidence for elevated breast cancer risks from passive smoking among premenopausal women at baseline. Separate analyses for women who were premenopausal at entry but were followed for a cancer event only up to the age of 50 (as a proxy for menopause) produced slightly elevated but nonstatistically significant risk estimates for the highest level of cumulative lifetime exposure (HR, Analyses evaluating categories of exposure separately by setting (household, workplace, and social) for those exposures occurring at ages ≥20 years yielded globally null results (data not shown). Those who reported workplace exposures, the predominant source of exposure during this age period in the medium and highest categories had only slightly elevated risk estimates with confidence limits that included 1.0 (HR, 1.05 in both categories) compared with those with no reported workplace exposure.
Passive smoking exposure in relation to a women's first pregnancy was categorized among parous subjects in the study (n = 44,680). A slightly elevated risk of breast cancer was observed for women with known passive smoking exposure before a first pregnancy in age-stratified and race/birthplace-adjusted models (HR, 1.21; 95% CI, 1.00-1.47) as well as the fully adjusted models (HR, 1.17; 95% CI, 0.96-1.41).
Finally, we conducted several stratified analyses to evaluate whether risks differed by family history of breast cancer or tumor hormone responsiveness. Results from these analyses did not vary by subgroup and were similar to those observed in the full study sample (data not shown).
Discussion
Our results suggest that cumulative exposures during adulthood to high levels of passive smoke may increase risk for breast cancer, particularly among postmenopausal women. Among women exposed to secondhand smoke in adulthood (ages ≥20 years), modest but consistent elevations in risk were evident for women with the highest cumulative levels of adult exposure across settings. This observation was reinforced by a statistically significant dose response for analyses restricted to women with moderate to high levels of passive smoke exposure. The nonlinear nature of the dose response shown in Fig. 2 , along with the sensitivity analysis in Fig. 3 , shows that much care must be exercised in determining and validating the functional form of any putative dose-response estimate.
Consistent with our findings in an earlier study in the CTS (4), reported household passive smoke exposure, Figure 1 . Distributions of intensity-years among adults for three settings. The box shows the 25th and 75th percentiles, the dot shows the median, the whiskers above and below the box show the range of the bulk of the distribution, and the dots show extreme values. The range of exposures is cut off at 400, removing one All Settings observation at 490.5. even at greater levels of detail, did not alone seem to be associated with an increased risk for subsequently developing breast cancer among women who were lifetime nonsmokers. Likewise, evidence neither for a risk association separately by other settings of exposure (workplace or social) nor for early life exposures (age <20 years) was apparent. Our findings of a suggestively, albeit nonstatistically significant, increased risk for the highest category of intensity-years among premenopausal women at baseline and at age <50 at diagnosis (HR, 1.20; 95% CI, 0.70-2.05) is consistent with an earlier analysis from the same cohort that reported a similar risk for women based on a more crude measure of exposure (i.e., never/ever exposed during childhood and adulthood) among women at age <50 at diagnosis (HR, 1.27; 95% CI, 0.84-1.92; ref. 10).
The body of literature on this topic is still relatively small and findings to date have not been consistent. To date, there have been 10 prospective cohort studies (4, (11) (12) (13) (14) (15) (16) (17) (18) (19) ) and 17 case-control studies (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) conducted to examine the relationship between passive smoking and breast cancer. Results have been mixed, with 4 of the 10 cohort studies yielding positive results and 11 of the 17 case-control studies reporting positive findings. The most recent and largest of these is the prospective Million Women Study from the United Kingdom (19) . The authors reported an overall null association (relative risk, 0.98; 95% CI, 0.93-1.05) for passive smoking and breast cancer, and the point estimate for risk in premenopausal women actually suggested an inverse association 0.54 (95% CI, 0.33-0.99). The Million Women Study, however, *Personal risk factors include family history of breast cancer, age at menarche, pregnancy history, lifetime duration of breast-feeding, physical activity, alcohol consumption, BMI, and categories of menopausal status with use of hormone therapy. † "Years" represents the sum of years of exposure across the three categories of home, work, and social.
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was limited to women ages 53 to 67, collected information only for currently living with a smoking spouse, and found a mere 11% of respondents to be exposed by this criterion. Inconsistencies in exposure assessment methods are likely to have greatly contributed to the observed inconsistencies in findings across studies. Early passive smoking studies relied on a husband's smoking history as the index of exposure, thus limiting analysis primarily to adult household exposures (13, 15, 27) . However, as more women entered the workforce in the latter part of the last century, this measure missed the substantial contribution of workplace exposures (38) . In the present analysis, workplace constituted the most prevalent setting for passive smoke exposure in adulthood for this occupational cohort. This is consistent with the fact that, before the enactment of restrictive legislation, California workplaces were a likely source of some fairly significant passive smoking exposures (7), and teachers have repeatedly told us that before that time teachers' lounge areas were heavily polluted with tobacco smoke.
More recent studies have focused on ascertaining detailed measures of passive smoking exposures outside the home (12, 24, 26) and have considered childhood exposures (4, 12, 14, 18, 20, (22) (23) (24) 33) . Only two cohort studies have been published to date that have been able to characterize passive smoke exposure in settings other than the home and for a variety of time periods (12, 18) . Both were relatively small studies of Japanese women that included measures of household and public exposures. One reported an odds ratio of 2.6 (95% CI, 1.3-5.2) for passive smoking exposure among premenopausal women but no association for postmenopausal women (12) ; the other reported no significant association between passive smoking and breast cancer (18) .
Recent meta-analyses have suggested that the effect of passive smoking on breast cancer risks may be primarily limited to premenopausal women (39) (40) (41) . Our study, however, is not alone nor the only cohort study in finding passive smoking risk associations among postmenopausal or primarily postmenopausal women (13, 15, 21, 22, 24, 26, 30, 42, 43) . It is worth noting that these include three case-control studies with more complete exposure methods (21, 24, 43) . In a large case-control study conducted in Shanghai, risk was elevated only for workplace exposures among postmenopausal women, with a significant trend and an odds ratio of 1.6 (95% CI, 1.0-2.5) for the highest exposure level (26) . A Canadian study (24) incorporating both household and workplace exposures found increasing risk for postmenopausal women by level of exposure, although the point estimates were not as elevated as those among premenopausal women.
Our inability to detect increased risk among premenopausal women could be due to several factors. It is possible that there is an effect but we were unable to detect it because of small numbers and difficulties in accurately classifying changes in menopausal status. Because of the prospective nature of our study, we could not accurately pinpoint menopausal status during follow-up among Smoothing spline representation of the doseresponse curve for total intensity-years in adults from all sources. The curve represents the logit of relative risk as a function of dose, was calculated using a binomial Generalized Additive Model, and arbitrarily translated so that the logit corresponding to the lowest exposure is zero. The subjects are restricted to those with a intensity-years score from all sources exceeding 4. The shaded area represents the point-wise 95% CI, and the dotted line shows response of zero. women who were premenopausal at baseline and outcomes were more heavily weighted for postmenopausal events in this aging cohort. Our analyses censoring observations at age 50 (to approximate menopausal status during follow-up) suggested a potentially elevated risk for the highest category of lifetime cumulative exposure among women who remained premenopausal during follow-up, but the number of cases in this category of women was very small. Perhaps more germane, younger study participants were less likely than older participants to have been subjected to extended workplace exposures, as California restrictions on public and workplace smoking, some of the earliest in the nation, came into effect in the decade before study initiation. Postmenopausal women in this study, for example, reported nearly three times more workplace exposures than did premenopausal women (an average of 8.4 years versus 2.9 years, respectively). This is larger than the differences for household exposures, which were only ∼50% higher among postmenopausal than among premenopausal women (an average of 16.5 years compared with 10.1 years). This, together with the fact that California's rates of active smoking have traditionally been lower than national averages during an era of declining public acceptance of smoking, may have resulted in exposure levels much lower than those experienced in other study populations. Indeed, if passive smoking acts as a promoter late in the process of carcinogenesis, then the rapidly changing exposure climate as a result of smoke-free laws in the early 1990s would have been likely to reduce the observed relative risks for cases diagnosed during our study period.
Notably, one of the strongest arguments for the association between active smoking and breast cancer has come from the emerging literature accounting for genetic polymorphisms influencing tobacco metabolism. In particular, the recent extensive pooled analysis and meta-analysis conducted by Ambrosone and colleagues (44) of studies that have examined tobacco-related risks in the context of the N-acetyltransferase 2 genotypes was cited by the Canadian reviewers as adding great credence to a causal role for active smoking. Few studies have evaluated the effect of N-acetyltransferase 2 variants in studies of passive smoking and breast cancer. Two case-control studies have suggested no modification of observed main effects for rapid versus slow acetylators (29, 45) , but a German case-control study suggested that, contrary to the observed relationship with active smoking in which slow acetylation is associated with greater risk, passive smoking was associated with higher risk in rapid acetylators (46) . Although there have been some interesting, if null, studies of passive smoking and other polymorphisms (35, 47, 48) , this remains a relatively uncharted area of inquiry.
The CTS study is one of the largest studies of passive smoking and breast cancer conducted to date. Because of the detailed information collected in the second CTS questionnaire, we have been able to explore risk associations by setting, for adulthood versus childhood and adolescent years, for distinctive time periods, and for targeted subgroups of interest to inform the debate about whether passive smoke exposures may be associated with a higher risk of breast cancer. Likewise, because the CTS has collected detailed information on other risk factors for breast cancer, we were able to evaluate passive smoking associations independent of known risk factors. Furthermore, the prospective nature of the CTS precludes problems of differential recall bias. Because of the many comparisons in this study, these results could be due to chance. Nonetheless, the observed pattern of point estimates suggests a modest elevation in risk associated with higher levels of cumulative exposure during adulthood, particularly in postmenopausal women. The lack of an effect for specific settings or age groups may not be surprising if there is a true association with higher cumulative levels of exposure. This underscores the importance of collecting highly detailed exposure information across all settings and for the course of a lifetime.
Although genotyping information on polymorphisms most relevant to tobacco metabolism is not yet available for the CTS, future work with these data may offer a clearer picture of the modest risk relationships from this observational analysis. Passive smoking has been implicated as a cause of lung cancer in lifetime nonsmokers. The question of whether these avoidable sources of exposure may contribute to the development of breast cancer, the leading cancer in women, remains an important issue.
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